The present study was performed to determine the incidence and predictive factors of benign renal lesions in Korean patients undergoing nephrectomy for presumed renal cell carcinoma on preoperative imaging. We analyzed the pathologic reports and medical records of 1,598 eligible patients with unilateral, nonmetastatic, and nonfamilial renal masses. Of the 1,598 renal masses, 114 (7.1%) were benign lesions, including angiomyolipoma in 47 (2.9%), oncocytoma in 23 (1.4%), and complicated cysts in 18 (1.1%) patients. On univariate analysis, the proportion of benign lesions was significantly higher in female patients, and in patients with smaller tumors, cystic renal masses, and without gross hematuria as a presenting symptom. When renal lesions were stratified by tumor size, the proportion of benign as opposed to malignant lesions decreased significantly as tumor size increased. On multivariate analysis, female gender, smaller tumor size, and cystic lesions were significantly associated with benign histological features. The findings in this large cohort of Korean patients show a lower incidence (7.1%) of benign renal lesions than those of previous Western reports. Female gender, cystic renal lesions, and smaller tumor size are independent predictors of benign histological features.
INTRODUCTION
Advances in modern imaging technology and the widespread implementation of conventional imaging modalities, such as ultrasonography (USG), computed tomography (CT), and magnetic resonance imaging (MRI), have led to an increase in the detection of incidental renal neoplasms (1, 2) . Consequently, the incidence of benign renal masses has increased along with the increasing incidence of renal cell carcinoma (RCC) because current imaging and biopsy techniques cannot predict the histological features of renal tumors with complete accuracy (1, 3, 4) . In contemporary practice, a number of Western studies have reported a 13%-25% incidence of benign renal lesions at nephrectomy (3, (5) (6) (7) (8) (9) (10) (11) , although data on Asian patients are scarce. The few studies conducted with patients in Asian countries have reported a lower incidence, 10%-11%, than that reported by Western studies (12, 13) . However, these studies were limited in that the data were based on relatively small study cohorts, and most studies excluded large masses.
The objectives of this study were to determine the incidence of benign renal lesions in a large cohort of Korean patients undergoing nephrectomies for image diagnosis of RCC and to investigate the clinical predictors of benign renal tumors.
MATERIALS AND METHODS
The institutional review board at our institution approved this study. A total of 2,269 patients underwent nephrectomies between January 2000 and May 2010. We excluded 451 patients whose operations were recorded as simple nephrectomy, and 220 patients with recurred renal cancer, bilateral disease, metastatic disease, or familial disease. Hence, the medical records of 1,598 eligible patients who underwent consecutive radical or partial nephrectomies for presumed RCC were retrospectively reviewed and analyzed. In the 23 patients with multiple tumors in the same kidney, the largest tumor was included in the analysis. All patients underwent preoperative contrast-enhanced CT scans, MR imaging, or both for clinical diagnosis and staging, and all lesions included in this analysis were deemed sufficiently suspicious for RCC on preoperative imaging. Since data were collected at a single tertiary referral center, many patients were transferred from primary or secondary care centers after initial CT imaging was conducted. Experienced genitourinary radiologists at our institution reviewed all imaging studies that were performed at outside hospitals. If an image was obscure or of poor quality, we performed an additional imaging study, such as CT, MRI, or contrast-enhanced renal USG. When the results of additional imaging revealed a greater chance of a benign lesion, the lesions were closely monitored in most cases. If we performed nephrectomies for such lesions, the operations were recorded as simple nephrectomies and the patients were excluded. Renal lesions were classified into the following three categories on the basis of the pathologic reports: benign lesion, RCC, or other malignancy. Cystic renal masses were classified using the Bosniak classification (14) . Bosniak category III lesions were defined as indeterminate cystic masses with thickened irregular walls or septa in which enhancement could be seen, and Bosniak category IV lesions were defined as clearly malignant cystic lesions that contained enhancing soft-tissue components. Renal carcinomas were classified according to the recommendations of the 1997 American Joint Committee on Cancer report of RCC classification and the Heidelberg classification scheme (15, 16) . Tumor size was determined using pathological measurements. The data were analyzed as continuous variables and as categorical variables, stratifying tumors 2 cm or smaller, 2-4 cm, 4-7 cm, or larger than 7 cm.
Statistical analyses were performed with SPSS 17.0 software (SPSS, Chicago, IL, USA). Categorical variables were compared using the chi-square or Fisher's exact test, and continuous variables were compared using the Mann-Whitney test with or without Bonferroni's correction. Logistic regression analysis was performed to identify the variables predictive of benign lesions. All P values were two-sided, and differences were considered statistically significant at P < 0.05.
Ethics statement
This study protocol was approved by the institutional review board (IRB) of the Samsung Medical Center (No. 2010-11-026). With the approval of the IRB, this study was exempted from written informed consent. Table 1 summarizes the clinicopathological parameters that were assessed in this study. Among the 1,598 patients, 1,081 patients (67.6%) were male and 517 patients (32.4%) were female. The mean age was 54.3 yr (range, 10 to 86), and the mean tumor size was 4.8 cm (range, 0.6 to 24 cm). Of the 1,598 renal masses, 1,468 (91.9%) were RCC and 16 (1.0%) were other malignancies. Benign renal lesions were found in 114 (7.1%) patients, including angiomyolipoma (AML) in 47 (2.9%), oncocytoma in 23 (1.4%), complicated cyst in 18 (1.1%), and metanephric adenoma in 6 (0.4%) patients (Table 2) . AML constituted 41.2% of all benign lesions; when a tumor was 4 cm or smaller, AML was the most common benign renal tumor, whereas oncocytoma was most prevalent if the tumor was larger than 4 cm ( Table 2 ). The proportion of benign lesions was significantly higher in females than in males (13.5% vs 4.1%, P < 0.001). The most common presenting symptom was gross hematuria (9.4%), followed by ipsilateral flank pain (8.0%), systemic symptoms including weight loss or severe fatigue (3.4%), and palpable abdominal masses (1.3%). Gross hematuria was significantly more common in patients with malignant lesions (P = 0.026). When renal lesions were stratified according to tumor size, the incidence of benign as opposed to malignant lesions decreased significantly as tumor size increased (P = 0.004) ( Table 1 ). In patients with renal masses 2 cm or smaller, 2-4 cm, 4-7 cm, and larger than 7.0 cm, the incidences of benign lesions were 11.7%, 7.5%, 6.1%, and 3.7%, respectively, showing a significant linear-by-linear association on Cochran-Armitage trend test (P < 0.001). Benign lesions were more common in cystic lesions than in solid lesions (13.6% vs 6.5%, P = 0.002). On multiple logistic regression analysis, female gender, smaller tumor size, and cystic renal lesions were independent predictors of benign histological features (Table 3) . When 132 cystic renal lesions were classified according to their pathologic results, Bosniak category III lesions had a 31.8% chance of being benign, while Bosniak category IV lesions had only a 4.5% chance of being benign (Table 4) .
RESULTS

DISCUSSION
To our knowledge, this study is the largest contemporary series to evaluate the incidence of benign renal lesions in Asian patients. The overall incidence of benign pathological findings in Korean patients at surgery was 7.1%, which is lower than the incidences reported in recent studies from Western countries (3, (6) (7) (8) (9) (10) (11) . In this respect, it has already been suggested that the low incidence of oncocytomas in Asian patients is one reason why Asian patients have a lower incidence of benign renal lesions compared to Western patients (12) . In the present study, AML (2.9%) was the most common benign finding, followed by oncocytoma (1.4%), which was approximately half as common as AML. These results were consistent with the findings of two previous studies showing that oncocytoma was less frequent in Asian countries in comparison with a 6%-13% incidence in Western countries (12, 13) . Notably, the overall incidence of benign lesions in our data was slightly lower than the incidence of benign lesions reported in studies from Japan and China (12, 13) . These differences might be due to different inclusion criteria and additional imaging studies. We included renal masses larger than 7 cm and excluded a large number of benign cases through multimodal preoperative imaging studies. Studies have shown that patients with larger tumors have a lower incidence of benign lesions (17) . In addition, when there was an obscure lesion on a CT image, we did not hesitate to perform additional imaging studies, including another round of CT, MRI, or additional contrast-enhanced renal USG, which could improve the characterization of renal tumors (18) (19) (20) (21) . Therefore, a number of benign lesions, such as AMLs or benign cystic lesions, were excluded. This may explain why we observed a lower incidence of benign lesions compared with those in other East Asian series. Many studies have demonstrated that the incidence of benign renal lesions at surgery is higher in female patients (11) (12) (13) . In this respect, our data were consistent. The incidence of benign lesions in women was about four times higher than that in men (odds ratio [OR] 3.899, 95% confidence interval [CI] 2.62-5.81, P < 0.001), which could be attributed to the higher incidence of AML in women than in men (6.2% vs 1.4%, P < 0.001). Unlike the clear association with sex, however, there is controversy about the relationship between tumor size and pathological results. Studies have tended to show an inverse relationship between tumor size and the incidence of benign lesions on univariate analysis (22) , although studies that excluded larger renal lesions did not show a relationship in multivariate analysis (11, 12, 23) . By limiting the inclusion criteria to small lesions, the significant relationship between tumor size and pathological outcome disappeared. In contrast, studies that included all renal masses without size limitations exhibited a significant relationship between tumor size and pathological outcome (10) . In this study, the incidence of benign lesions was significantly related to tumor size, similar to results reported by Frank et al. (5), who analyzed a large cohort of 2,935 tumors. Cystic renal lesions were also independently associated with the incidence of benign histological features. The incidence of benign lesions was about two times higher in cystic lesions than in solid lesions (OR 2.177, 95% CI 1.25-3.80, P = 0.006). When cystic renal lesions were classified according to Bosniak classification, 31.8% of category III lesions and 4.5% of category IV lesions were benign. The incidences of benign lesions were slightly lower than those of previous studies (24, 25) . In a comprehensive literature review, Warren et al. (26) reported incidences of benign lesions in category III and IV lesions of 67% and 7.5%, respectively. However, this might also be attributed to more active implementation of additional imaging studies, such as contrast-enhanced USG, at our institution (27) . Quaia et al. (28) reported that contrast-enhanced USG was better than CT for the diagnosis of malignancy in complex cystic renal masses. In addition, the differences in the definitions of Bosniak classifications among centers might influence the results. To our knowledge, our study is the first to report the incidence of benign lesions for presumed RCC in light of specif- ic presenting symptoms. Interestingly, we found no difference between benign and malignant lesions with respect to the following presenting symptoms: ipsilateral flank pain, mass palpability, or systemic symptoms such as weight loss or severe fatigue. Although gross hematuria was more common in malignancy, the significance of this difference disappeared on multivariate analysis. Our study had some limitations. First, its retrospective nature might have skewed our data, although we included a large cohort of patients. Second, as a single-center study, there may be undetected regional and demographic trends that might have influenced the types of patients who came to our institution. Third, we used the final pathological tumor diameter instead of the radiological tumor diameter. A study conducted by Schlomer et al. (29) reported that preoperative CT imaging may slightly overestimate the pathological sizes of renal tumors with diameters of 1-5 cm. Therefore, to determine the clinical predictors of benign lesions, tumor sizes measured through imaging studies would be more reasonable. However, it is also well known that, for renal tumors, clinical size and pathological size are highly correlated with each other (30) . In addition, more than one half of all of the study patients were transferred to our institution after CT or MR imaging was performed at a previous institution. Consequently, there were differences in imaging protocols that might have caused differences in measurements. Furthermore, a considerable time gap intervened between CT scanning and nephrectomy, during which time tumor growth might have occurred. For this reason, it was difficult to use radiological tumor sizes in this study. Finally, the number of partial nephrectomies was significantly higher for benign lesions. However, the reason seems to be that benign lesions were smaller. Despite these limitations, the results of this study may provide valuable information for clinicians counseling patients with renal lesions and may help clinicians decide the most appropriate therapeutic modality, including renal biopsies and close monitoring.
In conclusion, a large cohort from a single institution in Korea showed a lower incidence (7.1%) of benign renal lesions than those found in Western studies. The most common benign lesion was AML, which accounted for 41.2% of all benign lesions. When a tumor was 4 cm or smaller, AML was the most common benign renal tumor, while oncocytoma was the most prevalent when the tumor was larger than 4 cm. Female gender, cystic renal lesions, and smaller tumor size were independently associated with the incidence of benign histological features.
